F1F0-ATP synthase: development of direct optical probes of the catalytic mechanism.
Using strategically-placed tryptophan (Trp) residues as optical probes to monitor nucleotide binding and hydrolysis, we demonstrate that all three catalytic nucleotide binding sites in F1-ATPase must be filled to obtain physiological (Vmax) MgATP hydrolysis rates. At Vmax hydrolysis rates, the predominant enzyme species has one of the three catalytic sites filled with unhydrolyzed substrate MgATP, the other two sites are filled with product MgADP. A specifically-inserted Trp probe was also developed to characterize nucleotide binding to the noncatalytic sites, and a model to explain the specificity of these sites is shown. These sites appear to play no role in ATP hydrolysis.